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Introduction
Pain catastrophizing is a maladaptive self-coping strategy associated with the reporting of higher levels of pain and has been suggested to be a result of heightening of emotional responses to pain [1] . It is defined as an exaggerated negative orientation toward actual and anticipated pain experiences. Catastrophizing involves an increase in pain-related fear, which in turn increases attention to the painful stimulus, attaching exaggerated threat or harm to it [2] [3] [4] . Pain catastrophizing is a recognized, important contributor to the experience of pain, accounting for 47% of the variance in predicting the development of chronic pain following an episode of acute pain, according to a study done by Burton et al. [5] . Research has shown that in the context of one's social response to pain, individuals engaged in high levels of pain catastrophizing not only experience more intense pain, but, through empathizing, also perceive more intense pain in other individuals [6] .
The amplitude of empathic brain responses has been found to be modulated by several factors. The factors include empathic traits, previous experience with highly painful situations, and pain catastrophizing [7, 8] . Empathic brain responses in chronic pain patients are most likely to be negatively modulated by these features, leading to the patient becoming overwhelmed by the viewed painful states of others, with an attendant exacerbation of their own pain.
A study by Loggia et al. demonstrated that the degree of empathy that is felt toward another individual prior to pain induction can change the intensity of one's self-reported pain [9] . Participants were exposed to a thermal stimulus, and empathetic responses were manipulated by exposure to videos of an actor being interviewed, thereby inducing either a high or low empathetic response before the application of a second thermal stimulus. Participants who were in the "higher empathy" group reported higher pain intensities resulting from thermal application than the group in the lower empathy cohort.
In this study, we sought to determine whether a similar effect in pain reports could be obtained using a cold pressor task (CPT) while participants viewed a video of someone responding to the CPT with catastrophizing pain behaviors compared to others who viewed a neutral pain response. We were particularly interested in determining whether we could alter a pain response in a chronic pain patient population with the use of the different video scenarios. We hypothesized that higher levels of empathy would be associated with increased pain responses to the cold pressor test. We also hypothesized that higher levels of catastrophizing during emotional-empathic reactions to others' pain would also result in increased catastrophic thinking about one's own pain experience and translate into an exacerbation of pain during the cold pressor test.
Methods
The University of Alberta Health Research Ethics Board reviewed and approved this study.
Participants. Informed consent, compliant with the University of Alberta's Health Research Ethics Board requirements, was obtained from all participants prior to study inclusion.
Based on results from previous studies in our general chronic pain clinic population, a power analysis was carried out using an expected medium effect size at an alpha level of .05. Based on this information, we calculated a required sample size of 19 participants in each group. We chose to oversample due to expected rates of attrition and the recruitment of individuals who were randomized but who did not ultimately meet exclusion criteria.
A consecutive sample of 68 potential adult participants over the age of 18 years diagnosed with chronic pain (type of pain and treatment approaches varied between subjects) for 6 months or longer were approached and assessed for eligibility while attending their regular clinic appointment at the tertiary care Multidisciplinary Pain Centre at the University of Alberta Hospital. Participants' pain etiologies included chronic diseases, injury, tissue and skeletal degeneration, neuropathy, headache, and fibromyalgia. Primary pain locations reported by participants can be found in Table 1 . Among the 68 recruited individuals, 19 were excluded for not meeting inclusion criteria or declining to participate (see flowchart). A total of 49 participants were randomized into two groups, where 26 viewed the catastrophizing response video, while 23 viewed the stoic response video. Among these, 9 withdrew their hand from the CPT prior to the 2-minute completion time; 6 had viewed the catastrophizing response video, while 3 viewed the stoic response video. Data from these individuals was therefore excluded from analysis. In total, 20 participants in each group successfully completed the allocated intervention and measures, and those 40 cases were analysed. All participants reported continuous chronic pain in their primary pain area on the day of testing.
Exclusion criteria included having chronic pain in the arm to be submerged, self-reported acute pain higher than 4 on a 10-point numerical rating scale (NRS), circulatory problems in the submerged arm, Reynaud's phenomenon, any partial amputations of the submerged arm, a medical history of a heart condition, or a psychiatric diagnosis deemed likely to interfere with study participation or that would result in a pathological stress or anxiety response through participation in this experiment. 
Measures
Demographic: Demographic information related to age, gender, and marital and employment status was recorded.
Medical and pain history: Medical diagnoses, etiology, chronicity, and location were recorded.
Pain: An NRS was used to measure pain intensity before, during, and after testing. Participants were asked to rate their pain using a horizontal line labeled at each end "0 -No pain" and "10 -Worst pain imaginable." Patients rated their primary (chronic) pain area before and after testing (a total of two ratings). They were also asked to rate their pain in the submerged arm prior to testing and at 30-second intervals during testing for a total duration of 2 minutes, giving a total of four pain ratings during the CPT in addition to the baseline arm pain rating.
Catastrophizing: The pain catastrophizing scale (PCS) [10] was used to assess individuals' catastrophic thinking related to pain. In this 13-item self-report scale, patients are asked to rate each statement on a 5-point scale from "0 -Not at all" to "4 -All the time." The PCS has been widely used in pain research and has strong psychometric properties.
Empathy:
The interpersonal reactivity index (IRI) [11] was used to measure feelings of empathy for others in various situations. This 28-item scale consists of four subscales assessing personal distress (tendency to experience distress and discomfort in response to extreme distress in others), perspective-taking (tendency to adopt the point of view of others), empathic concern (tendency to experience sympathy and compassion for unfortunate others), and fantasy (tendency to imagine how one would feel if observed events were happening to them). Patients were required to identify how well each item described them using a 5-letter scale (A-E) where "A ¼ Does not describe me well" and "E ¼ Describes me very well." This measure has also been widely used in research and has good psychometric properties. For this study, the personal distress scale was chosen as the subscale whose items were most in line with the expected empathic experience and response associated with viewing distress in another who is experiencing pain (the video actor).
Cold pressor device: Our cold pressor device consists of a 66.2-L insulated cooler placed inside a specially designed wooden box. Affixed to the wooden box is an arm rest on hinges, allowing participants to rest their arm on the cooler while lowering it into the water. Prior to testing, the cooler was filled with cold water and maintained at 2 C using ice in a wire mesh container. A double-insulated 23-watt pump was used to circulate water in the cold pressor device during testing. As an additional safety measure, a ground fault circuit interrupter was used to immediately stop the flow of the current to the pump in the event of a fluctuation in the electrical current.
Cold Pressor Task and Chronic Pain
Fixed time paradigm: A Dictaphone with four prerecorded beeps set to sound every 30 seconds was used during testing. Study participants were instructed to verbally report the pain felt in the arm used in the CPT every time they heard the beep. Participants were instructed to keep their hand immersed for the total duration of 2 minutes, and were informed that they were free to withdraw their hands at any time if the pain was unbearable.
Instruction video: In addition to instructions provided by the research assistant related to questionnaire completion, two videos were created with both verbal and visual instructions illustrating how the experiment would be conducted. Both videos showed an actress demonstrating participant's tasks in this experiment: listening to instructions and submerging her arm in the water. In both videos, pain ratings reported by the actress were muted, so as to not influence participants' own pain ratings. This was explained to participants. In one of the videos (catastrophizing response video), the actress showed significant pain behavior during the CPT, including eyes tightly shut, grimacing, rocking, and moaning, while showing a stoic response with little affect or pain behavior in the other video (stoic response video). Along with a standardized scripted description of how to carry out the cold pressor test, prior to engaging in the cold pressor test, participants were informed that they would view "a video demonstration of someone undergoing the cold pressor test so that you can see how it is done." Including instructions and demonstration, each video lasted a total of 2 minutes and was shown on a Toshiba Satellite TM laptop just prior to the CPT.
Randomization: Patients were randomized into two groups using GraphPad's online random number generator. One group was shown the catastrophizing response video, the other the stoic response video.
Procedure. On the day of testing, the informed consent process was carried out and demographic, medical, and questionnaire information was collected. All data were collected in a standardized manner by a research assistant trained in the use of the cold pressor device.
Prior to testing, consenting participants were asked to fill out all questionnaires. Immediately after those were completed, participants were asked to watch the instructional video illustrating how the experiment would be carried out. Additionally, all were informed about the safety of the equipment: that the pump used in the CPT was doubly insulated and that a ground fault circuit interrupter was added as a precautionary measure to stop the flow of current to the pump should there be the slightest fluctuation in the electrical current. Patients were also informed that a video camera in the room would record the level of immersion of their submersed arm to ensure that it was in the water for the entire test duration. Additionally, patients were instructed that each time they heard a prerecorded beep, they were to verbally rate their pain using the NRS loudly enough for the research assistant outside the room to record. Once participants were given instructions, they were asked to submerge their right hand and half of their forearm in the cold pressor water.
Analyses
Pearson correlations were carried out in order to examine associations between variables. MANOVAs were performed to examine between-group differences on study variables, and stepwise linear regressions were used to examine predictors of pain responses.
Results
Participant groups were not significantly different in measures of age, sex, pain intensity, and pain duration. Our sample of participants recruited from our tertiary care multidisciplinary pain center had, on average, experienced continuous chronic pain for several years (see Table 2 ). They also did not differ on measures of empathy or catastrophizing. As predicted, ANOVA analyses using median splits found that participants with higher levels of catastrophizing in both experimental groups reported higher pain levels during the CPT (P < .000).
There was also a significant interaction over time where pain increased more in catastrophizers during the acute pain induction (P ¼ .009). Using Fisher's exact test, it was found that the number of people who viewed the catastrophizing video who withdrew their hands before completing the full 2-minute cold pressor task (n ¼ 6), while double in number compared with those in the stoic video group who withdrew their hand early (n ¼ 3), was not statistically significantly different (P ¼ .472).
The type of video watched did not significantly affect pain reports between groups (P ¼ 0.40; see Figure 1 ).
A regression analysis was carried out in order to determine which factors that were measured best predicted participants' pain levels. Empathy, catastrophizing, demographic, and pain history factors were entered into a stepwise linear regression. Empathy, as measured by the personal distress scale of the IRI, was the best overall predictor of pain reports across participants (P ¼ .034). Personal distress and empathy measures of participants who viewed the catastrophizing video were significantly correlated with their CPT pain report at 2 minutes (r ¼ .391, P ¼ .044). This correlation was not significant in the stoic video group (r ¼ .183, P ¼ .237). There correlations were found not to be significant given that their 95% confidence intervals overlapped (Figure 3) . Overall, while watching the instructional video did not significantly differentiate pain reports between groups, we found that participants' levels of empathy as measured by the personal distress scale of the IRI was the best predictor of pain reports across participants in regression analyses. Also of note, following the CPT, participants' pain reports for their primary chronic pain site was significantly reduced compared with their initial pain report prior to testing (P ¼ .011; see Figure 2 ).
Discussion
In the present investigation, catastrophizing predicted higher levels of CPT pain. It is plausible that the threat value of the contents of the videos and the experience of the CPT itself was high and may have created an experimental environment where the association between catastrophizing and CPT-induced acute pain resulted in these effects. Of relatively minor note, of the people who were unable to tolerate the CPT for the full 2 minutes, twice as many had been randomized to the group who watched the catastrophizing video. It may be that individuals who are particularly pain sensitive may have been more susceptible to the pain-augmenting effects of the video. Future research is needed to explore this effect.
While the type of video watched did not affect pain reports between groups across all factors as we had predicted, there was an important difference in empathy scores and CPT reported pain that was associated with the type of video viewed. It was observed that the measure of empathy for personal distress was associated with CPT pain report only in participants who were exposed to the catastrophizing video. This suggests that empathy may play an important role in perceived pain such that viewing social modeling of pain in another person may increase one's own pain experience.
A person's empathetic state can influence levels of the neural axis in the context of self-pain perception. A study that investigated self-pain reports after subjects viewed pictures of noxious stimuli being applied to others and facial expression of others in pain found differences in responses based on empathy [12] . Highly empathetic individuals showed increased nociceptive flexion reflex after high-intensity shock after having viewed pictures of pain-inducing events; an observation the authors conclude is evidence of lower-level CNS responses to pain. Interestingly, high-empathy scoring participants also showed a decrease in the amount of hyperalgesia when asked to give reports of their pain rating after noxious stimulation. This inhibition of a pain response implicates a top-down process influenced by empathetic states. By contrast, in our study, there was not any significant decrease in pain scores during the CPT in subjects who scored high on our measures of empathy. Conversely, these same subjects reported significantly more self-pain after viewing our catastrophizing video, and this was significant when the empathy-scale of personal distress was high.
It is also interesting to consider other factors that are influenced by observing others in pain that may contribute to self-pain reports. A study by Jackson et al. addressed the role of personal distress when interpreting pain in others and oneself [13] . The authors concluded that imagining a painful event happening to oneself had a greater influence on the subjects' experience of pain compared with viewing a painful event happening to a stranger. Neuroimaging results illustrated that brain structures, proposed in the literature to be activated during a painful experience, were activated in both scenarios of pain (pain to a stranger or to oneself). Interestingly, when the painful scenario was thought of as happening to oneself, the activation was significantly higher and in an increased number of areas. Our findings in this present study support the idea that personal distress is a significant factor influencing pain Yakunchikov et al.
processing in the self. A higher personal distress empathy score prior to the CPT, paired with the catastrophizing video, was associated with a higher pain report. As we did not see the same effect with our stoic video, it could be the case that our catastrophizing video was adding to the participant's personal distress, bringing it to a threshold at which the pain response could be recorded after the CPT. It would be interesting in future studies to address perceived personal distress levels throughout and after the testing period.
Another interesting finding that was not an a priori hypothesis in the study was the significant decrease in the participants' chronic pain levels in their primary pain location after participation in the CPT in both groups. No significant differences in the extent of the reduction of their pain intensities were found between the groups. One possible mechanism associated with this effect may be that the CPT promotes diffuse noxious inhibitory control (DNIC). DNIC is triggered by a painful stimulus applied to a remote area of the body (conditioning stimulus; in our study, the CPT), and induces inhibition of pain sensation due to another painful stimulus (pain at the patients' primary chronic pain site) [14] . Of further note, previous research has found that higher levels of catastrophizing were significantly correlated to higher levels of DNIC when cold was used as a conditioning stimulus [15] .
A study by Vachon-Presseau et al. also found that pain fasciculation increased to a greater extent when subjects witnessed a foot or hand having a noxious stimulus applied, as opposed to when observing painful facial expressions alone [12] . Our catastrophizing video primarily focused on the facial expression of our actress to convey the experience of pain. An interesting modification of the study could thus be to have our subjects observe only a hand or foot having a noxious stimulus applied, and see if our results would differ.
Reports that empathetic states can alter one's subjective pain experience support previously described conclusions about the potential roles of empathy in humans. It has been hypothesized that one role of empathy is to allow us to anticipate the future behaviors of others and to give us information about the environment around us [16] . This would, in turn, be of high adaptive benefit with respect to the role of pain: if we empathize with someone who is showing pain behaviors in the present environment, it will be taken as a cue to avoid similar future potentially painful situations.
While we attempted to control for as many confounding factors as possible through randomization and other aspects of our study design, limitations do exist in this study. One limitation may have been that we did not carefully control for factors in our video such as gender, culture, and specific aspects of the actor's presented pain experience. Notwithstanding this, the actor in our videos was a trained professional who also lives with chronic musculoskeletal pain. Another limitation could have been the duration of our video. It would be interesting to see if a video of longer duration would have changed our results. Additionally, videos that demonstrate different levels of pain could be intriguing to utilise in order to explore whether differences in an actor's pain display are associated with changes in participants' responses to the video. The addition of a matched comparison group may also be considered in future studies to help delineate the precise role that having a chronic pain condition had on the experimental results.
In conclusion, the primary findings of this study suggest that catastrophizing is associated with a higher pain response to the CPT and that the CPT led to decreased chronic pain levels after completion of the task. Perhaps the most interesting novel finding in the study was that empathy associated with viewing distress in others predicted pain reports and could be influenced by watching a video. A further examination of the modulation of pain-related fear and its relationship to empathetic responses may help us to better understand factors that influence the daily painful experiences of people with chronic pain. Future research may also focus on whether it is possible to modify these responses. Psychological strategies aimed at monitoring and modifying responses to pain and other environmental stimuli in individuals in pain may help to modulate their pain experiences [17] and should be investigated as possible methods of therapeutic intervention.
Conclusions
Our findings shed light on the role of emotional and social components affecting the experience of pain in individuals with chronic pain. Additionally, our results suggest that viewing a video could influence some aspects of these experiences. Taken together, these findings highlight many aspects that interact to affect the complexity of the human pain experience. Additional research is needed to clarify and extend these findings.
